Method and Apparatus for Automatically Establishing Control Values 

for a Control Device 



Technical Field 

This invention relates generally to control devices and more 
particularly to force controls as used with barrier controllers. 

Background 

Movable barrier controllers are known in the art. Such devices 
typically respond to an actuation signal by actuating a motor and causing a 
movable barrier to move (the movable barrier can be, for example, a garage 
door, a date, a shutter, and the like). These devices have become 
increasingly sophisticated. For example, such controllers are often able to 
sense resistance to barrier movement. Such information can be used in a 
variety of ways, including automatically reversing movement of the barrier 
upon detecting an obstacle in the moving barrier's path. Unfortunately, a 
universal setpoint does not exist that will work for all barrier controllers 
systems to facilitate, under all operating conditions, utterly reliable obstacle 
detection with zero false positives all the time. Consequently, many barrier 
controllers include a force control that can be adjusted for an individual 
controller in a particular setting to better ensure safe, reliable, and effective 
operation. 

Over the course of time, operating conditions for a given barrier 
controller can change. The barrier itself can be modified or exchanged for a 
different barrier. The barrier movement track can be altered (to obtain 
hoped-for improvement and/or through accident and mishap). The drive 



mechanism can also undergo change over time. For example, the motor 
and/or associated gear ratio can be changed (this often occurs in the 
context of maintenance and repair). Such changes can significantly impact 
the efficacy of previous force control settings. For example, consider FIG. 1. 
Torque/speed curves are depicted for three motors A, B, and C. For a given 
speed S, motor A has a corresponding torque T1 , motor B has a 
corresponding torque T2, and motor C has a corresponding torque T3. 
These torques can differ considerably from one another and should 
ordinarily be taken into account when selecting a force control settings that 
correspond to a particular speed. 

Unfortunately, the force control typically comprises a mechanical 
device having a corresponding mechanical setting range. As depicted in 
FIG. 2, a typical force control comprises a potentiometer having a user 
manipulative setting range that is bounded by a lower limit the and an upper 
limit. Ideally, this setting range should correspond to a useful setting range 
for a particular barrier controller system. Such correspondence allows for 
greater useful resolution and granularity of control. For a given set of 
conditions (including a known motor and gear ratio) such a setting range is 
achievable. As noted above, however, operating conditions often change 
over the useful life of a given barrier controller system. By changing motors, 
as noted above, torque at a given speed can change considerably. This 
change can make an existing user manipulative setting range offeree 
control values as established for a first set of conditions quite inappropriate 
for a later set of conditions. For example, with reference to FIG 3, a prior art 
force control as designed to accommodate a variety of operating 
circumstances (including different motors and gear ratios) may have a 
relatively small useful range of settings for a first motor (as depicted by 



range 1) and a similar relatively small useful range of settings for a second 
motor (as depicted by range 2). 

A need therefore exists for a way to better accommodate subsequent 
operating system changes while providing an acceptable range of sensitivity 
control. Preferably, this need should be met in an economical and 
ergonomically sensitive manner. Further, minimized user responsibility to ' 
ensure such accommodation would be beneficial. Any such solution should 
also be relatively flexible and able to accommodate a relatively broad range 
of altered circumstances. 

Brief Description of the Drawings 

These needs and others are substantially met through provision of 
the method and apparatus for automatically establishing control values for a 
control device as disclosed herein. This benefit and others will become 
more clear upon making a thorough review and study of the following 
description, and particularly when taken in conjunction with the drawings, 
wherein: 

FIG. 1 comprises a prior art depiction of torque/speed curves for 
three motors; 

FIG. 2 comprises a generalized depiction of a prior art force control; 

FIG. 3 comprises a generalized depiction of a prior art force control; 

FIG. 4 comprises a block diagram depiction of a barrier controller 
system configured in accordance with an embodiment. of the invention; 

FIG. 5 comprises a flow diagram configured in accordance with an 
embodiment of the invention; 

FIG. 6 comprises a detailed flow diagram configured in accordance 
with various embodiments of the invention; 



FIGs. 7 through 1 1 comprise generalized depictions offeree controls 
that illustrate various aspects and embodiments as configured in 
accordance with the invention; and 

FIG. 12 comprises a flow diagram configured in accordance with an 
embodiment of the invention. 

Detailed Description 

Generally speaking, upon entering a learning mode, a device is 
automatically operated and at least one parameter that corresponds to 
operation of the device is automatically measured. That measured 
parameter is then used to establish a specific control value and that specific 
control value is then automatically assigned to a specific location within the 
mechanical setting range of a corresponding control device. For example, 
upon initiating this learning mode, a barrier controller can operate its motor 
and measure at least one parameter that corresponds to operation of the 
motor. This measured parameter value is used to establish a specific force 
control value that is then assigned to a specific location within the user 
manipulative setting range for a force control. 

So configured, the setting range for a force control can be 
substantially optimized for a given set of operating conditions (including 
motor and gear ratio selection) as may occur over the installed life of the 
corresponding barrier controller system. This setting range optimization 
occurs substantially automatically. 

Referring now to FIG. 4, a barrier controller system 40 as configured 
in accordance with an embodiment of the invention includes a barrier 
controller 41. Barrier controllers are well understood in the art and typically 



include a microprocessor or otiier computational platform that can be readily 
programmed in accordance with the teachings presented below. The system 

40 further includes a motor 42 that is controlled by the barrier controller 41 
and that is appropriately coupled to a movable barrier 43 to effect movement 
of the barrier 43 between open and closed positions, all as well understood 
in the art. A sensor 47, such as a Hall effect sensor, is positioned to sense a 
parameter that corresponds to operation of the motor 42. For example, the 
sensor 47 can be positioned to sense rotation of one or more magnets as 
are affixed to a gear, axle, or other surface that rotates as a function of the 
motor's 42 operation. In addition, or in the alternative, the sensor 47 can be 
positioned to sense direct movement of the barrier 43. Other sensor types 
and locations can be utilized as well so long as the sensor 47 can sense 
and respond to at least one parameter that corresponds to operation of the 
motor 42. The system 40 also includes a force control 44 such as a 
potentiometer that is operably coupled to the barrier controller 41 to provide 
a force sensitivity input that the barrier controller 41 utilizes, at a minimum, 
to establish obstacle detection and automatic reversing operation. A tool 
accessible learning mode switch 45 is also provided to place the barrier 
controller 41 in a learning mode as described below. The learning mode 
switch 45 can itself be a simple pushbutton that is manipulable by a user's 
finger, in which case access to the pushbutton should, require a tool such as 
a screwdriver or other handheld implement. Other approaches are 
acceptable as well, including a switch that is recessed,within a housing for 
the barrier controller 41 and that is screwdriver actuat.ed by a screwdriver 
shaft that is inserted through a small hole in the housing as provided 
therefore. Lastly, a visual indicator 46 such as one or more light emitting 
diodes or other display platform is operably coupled to the barrier controller 

41 to effect visual notifications in accordance with the teachings set forth 



below. 



All of the above components are well understood in the prior art. 
Therefore, for the sake of brevity and clarity of explanation, additional 
elaboration will not be presented here. 

Referring now to FIG. 5, in accordance with one embodiment of the 
invention, the barrier controller 41 is programmed such that upon entering 
51 a learning mode the barrier controller 41 will operate 52 the motor 42. 
The barrier controller 41 will then utilize the sensor 47 to measure 53 at 
least one parameter that corresponds to operation of the motor 42 to 
provide a parameter value. This parameter value is used to determine 54 a 
specific force control value, which value is then assigned 55 to a specific 
location of the user manipulable setting range for the force control 44. 

Referring now to FIG. 6 additional detail and alternative embodiments 
will be presented. A user enters the learning mode 51 by actuating a user 
manipulable learning mode initiation switch such as the tool accessible 
learning mode switch 45. In one embodiment, a single assertion of this 
switch 45 will initiate the learning mode 51. If desired, and pursuant to an 
alternative embodiment, the learning mode 51 can only be initiated and/or 
maintained by asserting the switch 45 for either at least a predetermined 
period of time (such as, for example, five consecutive seconds) or for the 
entire duration of the learning cycle. If desired, a visual indicator can 
optionally be activated 61 to indicate to the user that the learning mode 51 
has been initiated and/or is presently active. This visual indication can be 
provided by the visual indicator 46 described above. 



Pursuant to one embodiment, the learning mode 51 will operate for a 
predetermined period of time. One way of achieving this is to optionally 
began 62 a timer. Such a timing function can be provided by a dedicated 
timer that provides timing information within and/or to the barrier controller 
41 or by a software implemented timing function within the computational 
platform of the barrier controller 41 , all in accordance with well understood 
prior art technique. In one embodiment, the learning mode 51 can be 
rendered active for 30 seconds. 

The barrier controller 41 then operates 52 the motor 42. In one 
embodiment, the motor 42 is operated 52 in a substantially unloaded 
operating state. Operating 52 the motor 42 in this state will provide a 
reliable indication of the highest speed that the motor 42 is likely capable of. 
In another embodiment, the motor 42 is operated 52 in an ordinary loaded 
operating state. Operating 52 the motor 42 in this stat3 will provide a 
reliable indication of the highest speed that the motor 42 is likely capable of 
under ordinary operating conditions. If desired, and as may be appropriate 
to a particular application, the motor 42 could be operated 52 under some 
other known predetermined operating condition, such as by operating the 
motor 42 while coupled to a specific known weight. 

The barrier controller 41 then measures 53 a parameter that 
corresponds to operation of the motor 42. For example, using the sensor 47, 
measurement can be taken of a parameter that corresponds to speed of 
rotation of the motor's drive axle. This can be achieved, for example, by 
directly measuring speed of rotation of the drive axle, or by measuring 
speed of rotation of a rotating member that has a speed of rotation that 
varies with respect to speed of rotation of the drive axle of the motor 42 as a 



function of, for example, a gear ratio or pulley ratio. In addition, or in the 
alternative, such a parameter can be obtained by measuring a parameter 
that corresponds to speed of movement of the barrier 43 itself as the motor 
42 operates. As well understood in the art, such a sensor 47 will provide 
electric pulses that corresponds to the sensed parameter. For example, if a 
gear plate has two magnets disposed on the plate and opposite from one 
another, two such electric pulses per revolution of the' gear plate will be 
provided by the sensor 47. Pursuant to one embodiment, two consecutive 
pulses can be utilized to obtain a parameter value that corresponds to 
speed of rotation of the drive axle of the motor 42. In another embodiment, 
such pulses can be counted over a predetermined period of time to obtain 
an average number of pulses per window of time. This average number can 
be utilized as the parameter value that corresponds to speed of rotation of 
the drive axle of the motor 42. By measuring such a parameter, the 
parameter can be seen to correspond to the rotational output of the motor 
42, and hence the speed of the motor 42. 

Following measurement 53 of the parameter, if the learning mode is 
being conducted over a predetermined period of time,.the running time can 
be checked 63. If time remains, the process can continue with motor 
operation 52 and parameter measurement 53 (in this way an average for the 
parameter can be established as appropriate to a corresponding 
embodiment). Otherwise, the barrier controller 41 determines 54 a specific 
force control value while using the parameter value. For example, in one 
embodiment, the barrier controller 41 can assign the previously determined 
parameter value as the specific force control value. As an example of the 
latter, if the parameter value were "1600" as measured over a 32nd 
operating period and If this parameter value reflected sensor 47 output 



wherein one electrical pulses was provided per motor axle revolution, then 
the parameter value of "1600" could be used to assign a corresponding 
value as the force control value. In another embodiment, the barrier 
controller 41 can assign a modified version of the previously determined 
parameter value as the specific force control value. As an example of the 
latter, if the parameter value were "3200" as measured over a one minute 
operating period and if this parameter value reflected sensor 47 output 
wherein two electrical pulses are provided per motor axle revolution, then 
the parameter value could be divided by two to obtain a specific force 
control value of "1600" (which value would correspond to 1600 rpm). 

If desired, additional control values can optionally be determined 64 
as well. For example, the previously determined force control value can be 
utilized to calculate a maximum force control value. In one embodiment, 
such a maximum force control value can be calculated by decreasing the 
previously determined force control value by a predetermined amount such 
as, for example, 10 percent. In such an embodiment, a previously 
determined force control value of "1600" would yield a calculated maximum 
force control value of "1440." In the alternative, the previously determined 
force control value could be increased or decreased as appropriate by a 
specific amount or through consideration of other stored or measured 
parameters to calculate the maximum force control value. In another 
embodiment, rather than calculating the maximum force control value 
directly, a lookup table could be utilized to correlate the previously 
determined force control value (or a modified version thereof) to a 
predetermined maximum force control value. In addition to determining a 
maximum force control value, the previously determined force control value 
could also be utilized to calculate or otherwise determine other control 




values as well. In the alternative, If desired, additional control values can 
simply be determined 64 by using previously stored control values, including 
a previously stored maximum force control value, either alone or in 
conjunction with the previously determined force control value. 

Once the specific control value(s) are determined, it or they are 
assigned 55 to specific positions within the setting range of the force control 
44. There are of variety of ways by which this can be done. In one 
embodiment, the initially determined control value is assigned to one of the 
limits of the force control 44 and most typically is assigned to the lower limit 
of the setting range. For example, with reference to FIG. 7 a previously 
determined force control value of "1600" can be assigned to the lower limit 
71 of the force control 44. A maximum force control value as optionally 
previously determined 64 would be assigned to the upper limit 72 for the 
force control 44. In the example depicted, the maximum force control value 
was calculated by decreasing the lower limit amount by 10 percent, yielding 
"1440" as the maximum force control value. 

Referring now to FIG. 8, remaining values can be assigned (or later 
interpolated) in a linear distribution between the lower jimit 71 and the upper 
limit 72. In such an embodiment, as depicted, this would result in a midway 
value 81 of "1520" (presuming again for purposes of this example that the 
lower limit 71 is "1600" and the upper limit 72 is "1440"). If desired, 
however, the intermediate values can be assigned in a nonlinear distribution 
instead of a linear distribution. For example, and with reference to FIG. 9, 
the midway value "1520" can be assigned to a non-midway physical location 
91 within the setting range of the force control 44. As depicted, this midway 
value has been assigned to a physical location 91 that is closer to the upper 
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limit 72 tinan to the lower limit 71. Such a positioning would likely increase 
the granularity and resolution of sensitivity when selecting a control value 
between the lower limit 71 and the non-midway physical location 91 of the 
midway value while simultaneously reducing granularity and resolution of 
sensitivity when selecting a control value positioned more proximal to the 
upper limit 72. 

Other assignment possibilities also exist. For example, FIG. 10 
depicts a force control 44 having a setting range where control values in a 
first portion 101 of the setting range are distributed in a linear fashion and 
where control values in a second portion 102 of the setting range are 
distributed in a nonlinear fashion. As another example, FIG. 11 depicts a 
force control 44 having a setting range where control values in two portions 
111 and 1 1 3 of the setting range are distributed in a linear manner and 
where control values in another portion 1 12 of the setting range are 
distributed In a nonlinear fashion. Implementation decisions regarding use 
of linear, nonlinear, or linear/nonlinear distribution patterns can be made 
apriori or dynamically at the time of assigning 55 such values to the setting 
range as appropriate to the application and/or flexibility required. 

The assignment of such values to the setting range of the force 
control 44 can be effected in various ways. For example, when the force 
control 44 comprises a potentiometer, the biasing voltage for that 
potentiometer can be varied to reflect the assigned control values. For 
example, if the presently applied bias voltage is 4 volts and if the barrier 
control or 41 is programmed to interpret 5 volts as 1440 and if the value to 
be assigned to the upper limit 72 is 1440, then altering the bias voltage from 
4 volts to 5 volts will result in effectively assigning the control value "1440" 



to the upper limit 72 of the force control 44. Pursuant to another 
embodiment, the bias voltage can remain constant such that the force 
control 44 provides effectively never changing electric signals for each 
physical location within the setting range. In this case,* the barrier controller 
41 is itself modified to map (or calculate) those electric signals to the 
appropriate control value as assigned 55 during the learn mode 51 . 

If a visual indicator had been activated 61 at the initiation of the learn 
mode 51 , then that visual indicator can be deactivated 65 at the conclusion 
of the learn mode 51 . 

When newly installing a barrier controller system 40, it may be 
desired to require that the learn mode 51 be processed prior to allowing 
normal functionality of the system 40. In this case, one or more functions of 
the system 40 can be disabled until the learn mode 51 has been processed. 
With reference to FIG. 12, the barrier controller 41 can determine 121 
whether the learn mode has been used. When eventually this determination 
121 determines that the learning mode 51 has been processed and 
concluded, the barrier controller 41 can enable 122 other barrier control 
functionality to thereby facilitate normal use of the system 40. The control 
values as determined 54 and assigned 55 during the learn mode 51 are 
thereafter used 123 to correlate a particular user manipulated setting to a 
particular operational force control value as described above. 

So configured, the operating conditions for any given barrier 
controller can be significantly altered over time. This includes the changing 
of motors and gear ratios. Notwithstanding such changes, upon initiation of 
the learn mode 51, the barrier controller 41 can automatically ascertain one 



or more values to be assigned to the setting range of the force control 44 for 
that barrier controller. In particular, control values for the entire setting 
range can be selected to ensure that the setting range largely or wholly 
contains control values that are relevant and appropriate for the new 
operating conditions. This greatly enhances the ease of and likelihood that 
the operation of the barrier controller 41 will be appropriately adjusted to 
ensure both safe and appropriate performance. 

Those skilled in the art will recognize that various alterations, 
modifications, and combinations can be made with respect to the various 
embodiments described above. Such alterations, modifications, and 
combinations are not to be viewed as being outside the appropriate scope 
of the invention. 
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